ABSTRACT: Multivariate analyses, in the form of dendrograms, MDS (multidimensional scaling) ordinations, 2-way crossed ANOSIMs (analyses of similarities) and SIMPER (similarity percentage) analyses, were used to examine the influence of human predators on rocky infratidal assemblages. Cornparisons are based on mean macrofaunal abundance and biomass estimates obtained from samples collected at multiple sites within 3 'no-take' marine reserves and at 3 adjacent exploited localities on the Transkei coast of South Africa. The dendrograrn and MDS derived from the abundance estimates revealed 2 major subdivisions, one representing the sites in the 2 southern localities, and the other the sites within the central and northern localities of Transkei. Similar trends were evident in analyses based on biomass estimates, the major exception being the presence of an outlying site. Temperate species which were either restricted to or attained higher abundances and biomasses in the southern region appeared to be primarily responsible for this sub-division of sites. Two-way crossed ANOSIMs indicated that there were significant differences in the assemblages found under the exploited and non-exploited treatments and between the 3 pairs of locations. Two-way SIMPER analyses suggested that the major differences In the assemblages under the 2 treatment regimes were the lower abundance and biomass of sessile filter feeders and microalgal grazers that are dependent on the primary substratum and the greater abundance of phytal-associated species under exploited conditions. These differences are in accordance with expectations based on our knowledge of the organisms targeted by shellfish-gatherers.
INTRODUCTION
The rocky intertidal biota along the Transkei coast, one of the former independent homelands of South Africa, is subject to intense subsistence exploitation and is also utilized to a lesser extent by recreational and commercial fishers (Hockey et al. 1988 , Fielding et al. 1994 , Lasiak 1997 . The subsistence-gatherers take a wide range of organisms, but exhibit a marked preference for the brown mussel Perna perna and varlous species of patellid limpets (Bigalke 1973 , Hockey & Bosman 1986 , Lasiak 1991 , 1997 . They have also been shown to be size-selective, generally gathering larger individuals (Siegfried et al. 1985 , Hockey & Bosman 1986 , Lasiak 1991 . Although most of the organisms collected by the subsistence-gatherers are used as food, some are also collected for use as medicines or as bait, and, at some localities, oysters, mussels and rock lobsters are gathered for sale to local hotels and tourists (Bigalke 1973 , Fielding et al. 1994 . The recreational fishers collect mussels, oysters, and rock lobsters for personal consumption and organisms such as tunicates, limpets and mussel worms for use as bait. At present the only commercial form of exploitation permitted in the intertidal is harvesting of the alga Gelidium for sale to 1 of 2 concessionaires (Fielding et al. 1994) .
The regulations governing the exploitation of marine resources along the Transkei coast are rarely enforced, poorly advertised, and regularly flaunted, particularly by subsistence-gatherers who either are unaware of or do not recognize the validity of these rules. The fact that the quantity of shellfish removed by individual subsistence-gatherers is far in excess of the prescribed limits has prompted a number of workers to try and assess the impact of exploitation on intertidal biota (Siegfried et al. 1985 , Hockey & Bosman 1986 , Lasiak & Dye 1989 , Lasiak 1991 , Lasiak & Field 1995 . Unfortunately several of these studies, like many of the foraging-effects studies conducted elsewhere (Moreno et al. 1986 , Oliva & Castilla 1986 , Duran et al. 1987 , Castilla & Bustamente 1989 , Godoy & Moreno 1989 , are marred by inadequ.ate spatial replication because they are based on comparisons of the biota at only 2 localities, one exploited and the other non-exploited. To assess the effect of human disturbances on biotic assemblages and populations, comparisons should pief~iabli; be bii5eci on sampies taken trom several replicate perturbed and unperturbed localities. Alternatively, samples from a single perturbed locality should be compared with those from several unperturbed control localities (Und.erwood 1989). The existence of 3 supposedly 'no-take' marine reserves (Dwesa, Hluleka and Mkambati Nature Reserves) along the 273 km stretch of shoreline bordering the Transkei region provides an ideal opportunity to conduct a properly replicated study of the effects of human predators on intertidal biota. The following assessment of the effect of exploitation on rocky infratidal assemblages is based on multivariate comparisons of samples collected from several replicate shores situated within and adjacent to these 3 reserves. The data presented on the assemblages within and adjacent to the Dwesa Nature Reserve have been reported on previously in Lasiak & Field (1995) .
METHODS
Study area. The relative positions of the paired exploited and non-exploited localities se!ected for study are shown in Fig. 1 . The non-impacted localities comprised 2 sites situated approximately 1 km apart in the Dwesa Nature Reserve (Sites D1 and D2), 1 site in the Hluleka Nature Reserve (Site H) and 3 sites s i t i lated approximately 3 km apart in the Mkambati Nature Reserve (Sites M1, M2 and M3). Although exploitation of intertidal biota within these areas has been limited since their establishment in the late 1970s, marine sanctuary status was only attained in October 1991 (Transkei Environmental Conservation Decree No. 9 of 1992). The exploited localities, which were each positioned to the south-west of these reserves, comprised 3 sites situated along a 4 km stretch of shore between the Nqabara River and Nqabara Point in southern Transkei (Sites N I , N2 and N3); 2 sites situated approximately 1 km apart in central Transkei (Sites LW and PB); and 3 sites situated along an 8 km stretch of shore between Lambasi and the Msikaba river in the vicinity of Port Grosvenor in northern Transkei (Sites G1, G2 and G3). As study sites were restricted to either gently sloping or slightly stepped rock platforms exposed to strong wave action, the relative proximity of these sites and localities was determined largely by the intervening coastal topography. Marked regional differences in underlying geological substrata precluded standardization on the basis of rock type; the sites in the northern region are located on quartzite, those in the central region are located on unmetamorphosed sandstone and those in the southern region are on either shale or mudstone platforms. Sampling procedure. During equinoctial spring low tides, hammers and paint scrapers were used to remove between 7 and 10 haphazardly selected 0.5 m2 quadrat samples of infratidal biota from each of the study sites. A combination of adverse sea conditions and limited personnel and storage facilities prevented simultaneous sampling at all study sites. Samples from the southern reglon were collected in March 1992; those from the central region and the Mkambati Nature Reserve were taken the following March; samples from the exploited northern sites were collected in September 1993. Although the possibility of temporal confounding cannot be entirely discounted, the results of a long-term monitoring programme along this coast indicate that there were no major changes in the community structure of rocky intertidal biota during the study period (Dye 1998) . Samples were preserved in 10% formalin for subsequent laboratory analysis. The individual samples were then sorted, macrofauna was identified to species-level wherever possible, individuals were counted and the shell-free dry weights of the various species were determined after drying at 60°C. Heavily calcified species were decalcified in 1 M nitric acid prior to drying.
Data analysis. The data from the individual quadrat samples were used to estlmate the mean number of individuals and the corresponding mean biomass for each of the macrofaunal species found at each of the study sites. These estimates were then input into 2 data matrices, one representing the mean abundance estimates for each of the 14 study sites and the other the corresponding biomass estimates. Owing to the limitations on the size of the data set that the multlvariate programmes in the PRIMER v4.0 software package can handle, a sub-set of each data matrix consisting of the 160 most important of the 248 species recorded was selected using the REDUCE routine. Following the recommendation of Field et al. (1982) , the estimates in the resultant data matrices were double-root transformed prior to the coinputation of triangular similarity matrices based on the Bray-Curtis similarity measure. The results of the latter were then summarized diagrammatically in the form of dendrograms based on groupaverage sorting and in 2-dimensional non-metric multidimensional scaling (MDS) ordinations. Two-way crossed analyses of similarities (ANOSIM) randomization tests were used to test for differences between locations and treatments (Clarke 1993) . The principal species contributing to the division of sites into the major clusters evident in the dendrogram a n d MDS were identified by means of l-way similarity percentages analyses (SIMPER) (Clarke 1993) . The principal species responsible for discrimination between the exploited and non-exploited treatments were identified by means of 2-way similarity percentage analyses (SIMPER2) (Plate11 et al. in press).
RESULTS
The 2-way crossed ANOSIbl tests based on the similarity measures derived from the abundance and biomass estimates revealed highly significant differences among locations (averaged across all treatment groups) and between the exploited and non-exploited treatments (averaged across all location groups) ( Table 1 ). Significant differences are also evident between each pair of locations.
Two major sub-divisions are evident in the dendrogram derived from the abundance estimates; Cluster I comprises the 5 sites in the southern region and Cluster I1 the other sites (Fig. 2) . Cluster I subsequently splits into 2 groups, one representing the 2 nonexploited sites (D1 and D2) within the Dwesa Nature Reserve and the other the 3 exploited sites ( N I , N2 and N3) at Nqabara. Cluster I1 splits into 2 sub-clusters: Sub-cluster IIa comprises all the sites in the northern region and Sub-cluster IIb represents those in the central region. Two major groupings are evident within each of these sub-clusters. One of the groups in Subcluster IIa represents the 3 non-exploited sites ( M l , M2 and M3) In the Mkambati Nature Reserve and the other the 3 exploited sites (Cl, G2 a n d G3) situated in the vicinity of Port Grosvenor. One of the groups in Sub-cluster IIb comprises the non-exploited site (H) in the Hluleka Nature Reserve and the exploited site Preslie's Bay (PB), and the other represents the exploited site Lwandile (LW). Although similar groupings of sltes are apparent in the corresponding MDS As is the case with the ordination it is also evident that in each region the nonordination based on abundances, the non-exploited exploited sites are located above and to the right of the sites are clearly situated above and to the right of their corresponding exploited sites (Fig. 2b) .
exploited counterparts !nspecticr, ~f :he original ddid matrix reveais that
The major species responsible for discriminating 133 of the 248 macrofaunal species identified during between Clusters I and 11, on the basis of average this study were common to Clusters I and 11, 39 species were restricted to the sites in the southern and 76 species were Table 2 . Two of these species, the gastrodissimilarity pod Turbo sarmaticus and the amphipod Palinotus natalensis, were restricted to the southern region, and 2 others, a small unidentified turbinid gastropod and the reef-worm Idanthyrsus pennatus, were restricted to the central and northern sites. Twelve species attained higher average abundances, and 4 attained lower average abundances, in the southern region than at the sites to the north. The species which eith.er were restricted to or attained higher abundances in the southern region comprised 4 ubiquitous, 6 cold temperate, 3 warm temperate, and 1 suptropical form. The species which either were restricted to or were more abundant in the north comprised 1 ubiquitous, 1 cold temperate and 4 subtropical forms. Two major clusters and one outlier, the exploited site Lwandile (LW), are evident in the dendrogram based on the biomass estimates (Fig. 3a) . As is the case for the abundance based dendogram, Cluster I Table 3 . Three of these species, Burnupena cincta, Burnupena pubescens and Chiton tulipa, were restricted to and 2 others, Onitochiton literatus and Idanthyrsus pennatus, were absent from the southern region. Twelve species attained greater average biomasses and 3 attained lower average biomasses at the southern sites than at the sites grouped together in Cluster 11. The species which either were restricted to or attained higher biomasses in the southern region comprised 3 ubiquitous, 6 cold temperate, 5 warm temperate and 1 sub-
The 20 highest-ranked species responsible for discriminating, on the basis of abundances, between the exploited and non-exploited sites are listed in Table 4 Cymodocella pustulata were more abundant in the exploited treatment. Two species, a n unidentified polychaete and the sponge Sycon sp., were absent from the reserve treatment. These 20 species actropical form. The species which either were The 20 most highly ranked species discriminating, The dendrograms and MDS ordinations derived on the basis of biomass, between the exploited and from the data collected during the present study indinon-exploited treatments are also listed in and northern regions of Transkel combined. The fact malus dentatus), the sea anemone Pseudactinia flathat temperate species contributed more to the dissimgellifera and the crab Plagusia chabrus. The 6 ilarities observed than subtropical species is s o m~w h a t moiiuscs marked by asterisks are species taken regusurprising because previous work indicates that, as larly by shellfish-gatherers.
one moves north along the Transkei coast, the change In the number of warm-water (i.e. subtropical) species exceeds the changes in Table 3 Major specles, ranked In order of ~mportance, contributing to the the number (i.e. warm average dissimilar~ties between Clusters I and 11 as determined by s~rnilarity perate) and cold water species combined percentages (SIMPER) analyses based on mean biomass estimates. Letters (Stephenson 1944) . The most likely expla- the SIMPER analyses were based on the abundances and biomasses of the 160 most important species selected by the REDUCE routine. An improvement in our knowledge of the distributional range of species over the past 50 yr may also be a contributing factor. Inspection of the original data matrix, however, does indicate that a larger proportion of the species present in the central and northern regions were absent from the southern region than vice versa (76 species versus 39 species). The fact that temperate species made a greater contribution, than subtroptcal species to the difference in community structure suggests that they may be ~ ~ less tolerant of the changes in sea temperature encountered along the Transkei coast. Regional differences in geological substrata and exploitation intensity along the Transkei coast may also contribute to the differences in these assemblages (Hockey et al. 1988 , Lasiak 1997 . The effect of these factors, however, cannot be determined with the sampling design used in the present study. Few attempts have been made to compare the community-level attributes of exploited and non-exploited assemblages (Hockey & Bosman 1986 , Lasiak & Field 1995 . The results of the present study are only really coniparable with those of Lasiak & Field (1995) , as only they have made use of analytical techniques similar to and examined the same assemblages as those used in the present study. Hockey & Bosman (1986) used correspondence analysis to compare the community structure of lower balanoid zone assemblages at paired exploited and non-exploited sites in southern and central Transkei. Their analyses indicated that the assemblages at the exploited sites were more similar than those a t the corresponding non-exploited sites. They concluded that selective predation was responsible for the convergence of exploited communities towards a common state, and attributed the considerable variation in community structure they observed amongst their non-exploited sites to the fact that these newly protected sites had yet to reach an equilibrium state.
The clear-cut separation of the exploited and nonexploited sites evident in the MDS ordinations produced from data collected during the present study suggests that there are marked differences in the community structure of the exploited a n d non-exploited treatments. This was confirmed by the results of the 2-way crossed ANOSIM tests. The 2-way SIMPER analysis based on abundance estimates indicates that the major reasons for the differences between infratidal macrofaunal assemblages subject to these 2 treatments are the lower average abundance of 4 sessile species, Perna perna, Pseudactinia flagellifera, Chthamalus dentatus and Tetraclita serrata, and 3 small grazers, Patella gran ularis, Patella cochlear and Pa tiriella exigua, and higher average abundance of small phytal-associated species, such as the opisthobranch Harninoea natalensis, the brittle star Ophionereis porrecta and various amphipods, in exploited areas. Similar analyses based on biomass estimates indicate that 15 major discriminators attained a lower average biomass under exploited conditions. This group comprised 8 grazers, Haliotis spadicea. Patella longicosta, Patella cochlear, Patella rniniata, Parechinus angulosus, Oxystele tabularis, Patella aphanes and Patella granularis, 4 filter-feeders, Perna perna, Tetraclita serrata, Pentacta doliolum and Chtharnalus dentatus, 2 scavengers, Burnupena lagenaria and Plagusia chabrus, and the carnivore Pseudactinia flagellifera. Ten of the 20 highest-ranked discriminators high-lighted by the 2-way SIMPER analysis based on abundance estimates and 11 of those identified by similar analyses based on biomass estimates (species marked with an asterisk in Table 4 ) have been identified previously by Lasiak & Field (1995) as being responsible for differences in exploited and non-exploited assemblages in the southern region of Transkei. In both studies, 2 species, Perna perna and Pseudactinia flagellifera, feature amongst the top 5 discriminators defined on the basis of both biomass and abundance estimates.
The brittle star Ophionereis porrecta and the abalone Haliotis spadicea also featured consistently amongst the top 5 discriminators. The lack of representation of exploited species amongst the major discriminators was somewhat of a surprise because exploitation is known to lead to a marked reduction in both the abundance and biomass of target species (see Siegfried 1994 for review).
The differences in the community structure of the exploited and non-exploited infratidal macrofaunal assemblages reported above are in line with the effects one would have hypothesized simply from a knowledge of the organisms targeted by shellfish-gatherers and an understanding of the influence of these species on other low-shore biotic components. The removal of the brown mussel Perna perna and large grazing gastropods, such as patellid limpets, for example, is known to result in the domination of primary space by algae (Lambert & Steinke 1986 , Dye 1992 , 1995 . The resultant change in the pattern of space occupancy on the shore is expected to have negative implications for a number of species; the reduction in the availability of primary space will lead to a decline in the settlement of sessile fauna and curtail the feeding activities of microalgal grazers, and the sessile fauna1 components already present are likely to become over-grown and even smothered by macroalgae. The total loss and/or reduction in size of mussel clumps resulting from exploitation is likely to have a deleterious effect on the large number of species which make use of this microhabitat as a source of food, shelter or attachment (Seed & Suchanek 1992). The species most l~kely to benefit from these changes are those which are normally found in association with or feed on macroalgae. The abundance and biomass of the ad.versely affected species is consequently expected to be markedly lower, while that of the species which benefit is expected to be much higher, at exploited localities.
The present study suggests that zoogeographic trends may have a much greater influence on infratidal community structure than the intense shellfish-gathering which takes place along the Transkei coast. This probably reflects the fact that zoogeographic differences are due primarily to the appearance/disappearance of species ablehnable to tolerate the change in the temperature regime along the Transkei coast; but, the differences between exploited and non-exploited localities are due to changes in abundance and biomass rather than the elimination/introduction of species.
